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This iavendon relates to £q;yparatus for use in vermiculture processes; that is 
processes whereby organic waste material is treated using worm sfpecies. 

In applicant's International Patent Specification No. WO 99/51545 
(PCT/AU99/00238) there is described apparatus for use in vermiculture processes. The 
contents of the aforemmtioned patent specification is incorporated into the present 
specification by way of cross reference. 
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In the aforementioned specification there is described a treatment s^aratus which 
includes a main body having a treatment chamber therein which includes a base which 
when the ^aratus is in a harvesting mode is arranged with a space therebelow. The base 
includes a plurality of gmerally parallel spaced apart support elements, the support 
15 elements being spaced apart at a distance sufficient to siqyport the material within the 
chamber during the treatment process and enable extraction of the treated material through 
the spaces between the support elemmts during a harvesting process. 



According to one aspect of the present invention there is provided sppaxBtus for use 
20 in a vermiculture plant, the ^aratus including a treatment receptacle having a treatment 
chamber thereta and a base iq>on which material within the treatment chamber is disposed, 
the receptacle being arranged so that when in use there is a space below the base, a 
harvester operable to extract material from the treatment chamber flirough the base and a 
collecting assembly including a flexible belt operatively connected to a rotatable member 
25 so that it can be wound onto or drawn from the rotatable member, said belt being arranged 
so that it can adopt a collecting position when at least partially unwound fi:om the rotatable 
member wherein it is positioned below the treatment chamber and harvester so that 
harvested material can be collected upon it, said belt being operable so that when the belt is 
wound onto the rotatable member material thereon can be transferred to a discharge zone. 
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The rotatable member may be in the foim of a ix>tatable drum arranged so that the 
belt can be wound around the drum and retracted from underneath the treatment chamber 
Preferably, the discharge zone is disposed adjacent the drum so that as the belt is wound 

o^to the drum material is discharged fiom fee belt The drum may be eith«manuaUy 
• operable to powered by a motor or fee like. 

The collecting assembly may fiirfeer include a siq,port tray upon which fee belt 
rests wherx in fee coUecfe^ position. The support tray may include side walls between 
which fee belt is disposed. Preferably, fee belt is porous. Material collected may be 
transferred to a drying chamber after which it may be transferred to a screening device 
The finaUy treated material rmiy be transferred to storage or dispatch bunkers. 

The harvester may include a main frame operatively mounted for movement 
relative to fee main body of fee treatment ^aratus in a position below fee base feereof 
fee harvester furfeer including tool carried by fee frame for extracfeig material from fee 
tr^ent chamber. Preferably, fee harvester body is suspended from rails disposed 
adjacent fee base of fee treatment ^aratus or supported on rails spac^ 
body of fee treatment ^aratus. and includes drive means for causing movement of fee 
mam frame along fee rails. Preferably, fee belt of fee coUecfeig assembly is retractable 
generally m fee same direction of movement of the harvester. 



The apparatus may fUrfeeo: include a feed system, fee feed system including a 
mat^ial distributor assembly for distributing fee material into fee treatment chamber fee 
^^"to'^-e-blyincIudingadistributorconveyorwM 

from a rotatable member, fee assembly furfeer including a carriage which is 
fraverse over the top of fee treafe^ent chamber, fee carriage including an idler rx>Uer 
feereon over which fee distributor conveyor passes wife its free end being anchored to a 
fixed structure. 
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The apparatus may include a plurality of treatment receptacles disposed one above 
die other in a ti^ed configuration. In one form each treatment receptacle has associated 
therewith one said harvester and one said collecting assembly. 

In another embodiment one harvester is ads^ted to be moved into a harvesting 
position on each treatment receptacle and said flexible belt of the collecting assembly is 
adq>ted to be positioned in a collecting portion for use with each treatment receptacle. 
To this end a lifting mechanism may be provided for transferring the harvester and the 
flexible belt of the collecting assembly between the treatment receptacles. In one form a 
single rotatable member can be used for moving said harvester and said flexible belt of 
said collecting assembly. In another arrangement each treatment receptacle has associated 
therewith a collection belt In this arrangement a single harvester is provided with a 
plurality of belts each belt associated with a respective treatment receptacle. If desired 
more than one harvester could be provided but not necessarily one for each recq)tacle. 

According to anotiier aspect of the present invCTtion there is provided ^iparatus for 
use in vemiicidture process^ the sqpparatus including a pretreatment system for 
pretreating ttie waste material, a feed system and a treatment system, the feed system being 
adq)ted to feed tiie waste material to the treatment system. The apparatus may further 
include a harvesting and collecting system. 

As discussed earlier the treatment system may be of the type desoibed in the 
aforementioned International patent specification either in its broad or more specific forms. 

The pretreatment system may include a mixing vessel to which unprocessed waste 
material is delivered from storage bunkers. The mixing vessel may in one form include a 
mixer which may include rotating paddles driven by a motor which mixes the material 
within the vessel. 

According to yet another aspect of the present invention there is provided a feed 
system for use in apparatus described above, the feed system including a material 
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distributor assembly for distributing the material into the treatment chamber. The 
distributor assembly may include a distributor conveyor which is adapted to be wound onto 
or from a conveyor drum. The assembly may further include a carnage which is adqjted 
to traverse over the top of the treatment chamber. The carriage may include an idler roller 
thereon over which the distributor conveyor passes with its free end being anchored to a 
fixed structure. Thus as the carriage moves over the treatment chamber the conveyor is 
drawn from the drum and passes around the idler drum so fliat material on the conveyor is 
evenly distributed into the treatment chamber. The carriage may include a frame having 
wheels thereon which can track along rails formed on the upper side of the treatment 
chamber. Preferably, the distributor conveyor extends the full width of the treatment 
chamber and m one form is disposed below the side walls thereof in order to prevent 
spiUages. The moving portion of the distributor belt may be ad^ted to travel across and 
IS siq)ported by the stationary portion of the belt. 

The feed system may further include a feed hopper which receives material from 
thepretreatmentsj^em. IHe feed hopper may be arranged so as to feed material therein 
onto a deUvery conveyor driven manually or by a motor. The feed hopper may be 
disposed at an upstream end of the deKvery conveyor. Downstream of the feed hopper 
there may be provided a levelling device which controls the depth of material on the 
dehvery conveyor. lUe levelling device may include an endless belt, chains or other 
flexftle element 11^ flexible elements maybe ad^ted to rotate in a direction against the 
direction of tmvel of the deHvery conveyor having paddles thereon. Downstream of the 
levelhng device a ruffler assembly may be provided which includes a shaft or drum upon 
which a pluraUty of tines are mounted. The purpose of the ruffler assembly is to loosen 
25 the material prior to it leaving the dehvery conveyor. 

Drive means in the form of a motor and flexible line may be provided for moving 
the carnage. The drive means may include a winch for pulling the carriage across the top 
of the treatment chamber. The winch need not be powered but may be manuaUy operable 
30 m another arrangement the carriage may be self powered by a motor thereon for driving 
one or more of the carriage wheels. 
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The distributor conveyor and delivery conveyor may be arranged to travel at 
selected dififerent speeds so as to provide for a dynamic control of the depth of material on 
ttie distributor conveyor. 

A rake unit inay be provided on tfie carriage to aerate the material. 

According to yet another aspect of the present mvention there is provided a 
harvester which is suitable for use with appBrztas of the type described above, the 
harvester including a main frame operatively momited for movement relative to the main 
body of the treatment ^paratus in a position below the base thereof. The harvester further 
includes tool carried by the frame for extracting material from the treatment chamber. 
The tool may be of the type described in the earlier mentioned patent specification WO 
99/51545. 

In one form the frame includes wheels which are adsqpted to run on rails mounted to 
the main body of tiie treatment ^paratus. The firame may be suspended &om rails 
disposed adjacent the base of the treatment apparatus or siq^orted on rails spaced from the 
main body of the treatment sqpparatus. Drive means may be provided for causing 
movement of the main frame along the rails. The drive means may be of the same type 
described earlier for driving the carriage of distributor assembly of the feed system. The 
tool may be adapted to rotate at different selected speeds to optimise extraction of material 
from the treatment chamber. Furthermore, the harvester may be adjustable so that the tool 
can enter the treatment chamber through the base to a selected depth. In one form the tool 
is mounted to the main frame through an over centre linkage which permits movement of 
the tool relative to the frame. 

Preferred embodiments of the invention will be hereinbefore described with 
reference, to the accompanying drawings, and in those drawings: 

Figure 1 is a schematic side view of apparatus for use in vermiculture processing 
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systems; 

Figure 2 is a more detailed schematic view of a pretreatment and part of a feed 
system which forms part of the apparatus shown in Figure 1; 

5 

Figure 3 is a more detailed schematic view of part of a feed system which forms 
part of the qiparatus shown in Figure 1; 

Figure 4 is a sligjitly modified form of that part of the apparatus shown in Figure 3; 
10 

Figure 5 is a more detailed schematic view of a harvesting apparatus and collecting 
system which forms part of the ^paratus shown in Figure 1; 

Figure 6 is a more detailed schematic view of a collecting system which forms part 
15 of the apparatus shown in Figure 1 ; 

Figure 7 is amore detailed schematic view of a collecting system which fomis part 
of the £^aratus shown in Figure 1; 

20 Figures 8 and 9 are schematic side views of a modified forai of feed system ^ 

according to tiie invention; 

Figure 10 is an end view of the feed system shown in Figures 8 and 9; 

25 Figure 1 1 is a more detail view of part of the feed system shown in Figures 8 and 9; 

Figure 12 is a side view of a levelling device fomiing part of the feed system 
shown in Figures 8 and 9; 

30 Figure 13 is an end view of the device shown in Figure 12; 
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Figure 14 is an end view of a ruflEler which forms part of the system shown in 
Figures 8 and 9; 

Figure 15 is an end view of part of the sj^em shown in Figures 8 and 9; 

5 

Figures 16 and 17 are more detailed schematic views of a harvester according to 
the invention; and 

Figures 18 to 20 are schematic side elevations of further modified forms of the 
10 invention 

The ^>paratus shown in Figure 1 includes a pietreatment system 500, a feed system 
600, a treatment system 700, and a harvester and collecting assembly 800. 

1 5 The treatment system 700 includes a treatment bed or receptacle 702 which may be 

of the type described in International Patent Specification No. WO 99/51545 
(PCT/AU99/00238). The ^paratus 702 includes a main body 703 having a peripheral 
side wall 704 with an upper edge 705 and a lower edge 706. A treatmot chamber 709 is 
disposed within the apparatus 702, the apparatus having an open top and a base which 

20 includes a plurality of siqyport elements which are spaced apsxt suf&dently to siq>port 
material to be treated within the chamber and enable extraction of the treated material by a 
harvester. The main body 703 is supported on legs 707 so that there is a space below the 
treatment chamber for harvesting and collection of the treated material. This structure is 
described in detail in the aforementioned Intemational patent specification. 

25 

Referring in particular to Figure 2 the pretreatment system 500 includes a mixing 
vessel 505 to which unprocessed waste material is delivered fix>m storage bunkers 502. 
The mixing vessel 505 includes a mixer 506 in the form of rotating paddles, ribbons or 
tynes 507 driven by a motor 508 which mixes the material within the vessel. One or more 
30 additives may be supplied to the material within the mixing vessel. The material within 
the vessel is transferred to the feed system 600 via transfer conveyor 509 driven by a motor 
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510. 

Referring in particular to Figures 3, 4 and 10 to 15 tiie feed systen 600 includes a 
feed hopper 602 whidi receives material fixMn the transfer conveyor 509. The feed hopper 
5 602 is airanged so as to feed material therein onto a delivery conveyor 604 driven by a 
motor 605. The feed hopper 602 is disposed at an upstream end of the delivery conveyor 
604. The feed hopper 602 may inchide skirts 603 (Figure 10) extending downwardly 
Iherefiom so as to be adjacent the comreyor 604 so as to assist in retaining the material ob 
the conveyor. The hopper may fiather have a rear door (not shown) throu^ which 
10 material can be discharged prior to travelling along the conveyor. Downstream of the feed 
hopper 602 there is provided a levelling device 610 which controls the depth of material on 
the delivery conveyor 604. The levelling device 610 includes an endless belt 61 1 driven 
by motor 613 having paddles 612 thereon. Downstream of the levelling device 610 is a 
ruffler assembly 614 which includes a rotatable shaft or drum 615 driven by motor 617 and 
upon which a plurahty of tines 616 are mounted. The purpose of the ruffler assembly is to 
prepare the material prior to it leaving the deUvery conveyor by for example, breaking up 
any residual clumps and/or aerating tiie material. 

The feed sysstem 600 further includes a material distributor assenibly 620 for 
20 distributing the material into the treatment chamber. The distributor assembly 620 
includes a distributor conveyor 622 which is adapted to be wound around onto or &om a 
conveyor drum 623. The assembly further inchides a carriage 624 which is ad^ted to 
traverse over the top of the treatment chamber. The carriage includes an idler roller 625 
thereon (Figure 4) over which the distributor conveyor passes with its free end being 
anchored to a fixed structure. Thus as the carriage moves over the treatment chamber the 
conveyor is drawn from the drum and passes around the idler drum so that material on the 
conveyor is evenly distributed into flie treatment chamber. The carriage 624 inchides a 
frame having wheels 627 thereon which can track along rails formed on the upper side of 
the treatment chamber. The distributor conveyor extends the fuU width of the treatment 
30 chamber and as shown m the embodiment of Figure 4 is disposed below the side waUs 
thereof in order to prevent spillages. The moving portion of the distributor belt (that is the 
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upper portion) travels across and is supported by the stationary portion of tiie belt. 

Drive means 630 in the form of a motor 631 and flexible line 632 may be provided 
for moving the carriages. The drive means may include a winch 634. 

The distributor conveyor and delivery convQ^or may be arranged to travel at 
selected diffident speeds so as to provide for a dynamic control of the depth of material on 
the distributor conveyor. A rake unit 637 (Figure 18) may be provided on the carriage to 
aerate the material. 

The harvester 810 includes a frame 811 mounted to the treatment chamber bed for 
movement below the base tiiereof. The harvester may include a tool of the type described 
in the earlier mentioned patent specification WO 99/51545. 

15 Referring to Figures 5, 16 and 17 there is shown a harvests 810 which includes a 

main frame 811 operatively mounted for movement relative to the main body 703 of the 
treatment apparatas 702 in a position below the base thereof. The harvester frirther 
includes tool 816 carried by the frame 811 for extracting material from die treatment 
chamber. The tool may be of the type described in the earlier mentioned patent 

20 specification WO 99/5 1545. 

In one form the firame 811 includes wheels 815 which are adapted to run on rails 
812 mounted to main body of tibie treatment apparatus. The frame may be suspended from 
rails disposed adjacent the base of the treatment apparatus or supported on rails spaced 

25 from the main body of tiie treatment ^aratus. Drive means may be provided for causing 
movement of the main firame along the rails. The drive means may be of the same type 
described earlier for driving the carriage of distributor assembly of the feed system; that is, 
the drive means may conQ)rise a motor 817, a winch 818 and a tow line 819 (Figure 5). 
The tool 816 may be adapted to rotate at different selected speeds to optimise extraction of 

30 matCTial from the treatment chamber. Furthermore, the harvester may be adjustable so 
that the tool can enter the treatment chamber through the base to a selected depth. As 
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shown in Figures 16 and 17 the tool 816 is mounted to the main frame through an over 
centre linkage 829 which permits movement of the tool relative to the frame. 

The collecting assembly 800 as best seen in Figure 6 includes a flexible belt 
conveyor 821 which is adapted to be wound on and retracted from a rotatable member 822 
in the form of a winch drum 823. When retracted, the belt adopts a collecting position 
under the receptacle 702 so that harvested material can £all onto tiie belt. Tn the collectmg 
position the belt is siipported on a tray 826. The tray 826 may include a base and side 
walls for assisting in retaining the harvested material on the belt. 

In the particular form shown in Figure 6 the belt 821 passes over a pulley or roller 
872 before being wound onto the winch drum 823. As the belt is wound onto the winch 
drum material is discharged into a collecting region 829. The belt can be retracted from 
the drum by a simple manual operation or may be pulled therefrom using any suitable 
device. Material is transferred to a drying chamber 825 after which is transferred to a 
screening device 830. The finally treated material is transferred to storage or dispatch 
bunkers 835. 

Figures 8 to 15 illustrate a modified form of feed system to that shown in the earlier 
drawings. like reference numerals have been used to identify the like parts described in 
the earlier drawings, hi this embodimmt the delivery conveyor 604 is inclined. The 
distributor conveyor 622 passes over a roller 627 and then extends around idler roller 625 
on carriage 624 and is anchored at a fixed point on a frame which carries the delivery 
conveyor. The conveyor drum 623 has a handle 629 mounted thereto for manually 
returning the carriage to the position shown in Figure 8. 

Referring to Figures 18 to 20 there is shown a multiple tiered form of ^paratus. 
In the form shown a series of receptacles 702 are mounted one on top of the other. The 
drawings illustrate a two tiered arrangement however it would be £q)preciated that three or 
more tiers could be provided. Each tier includes a tray 826 for supporting the collecting 
belt 820 thereon. Further each receptacle has a rail system thereon for carrying the 
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haivester and a further rail system for supporting ttie feeder. 

In the fonn shown a single feeder, harvester and collection belt are provided, each 
of these devices have been movable between one receptacle and the other by means of 
lifting mechanisms 855 and 856. A single lotatable winch drum may be used for driving 
each of the feeder mechanism, harvester and collection belt. The above arrangement has 
the advantage that heavy moving loads are significantly reduced; that is, the feed belt and 
collection belt distribute the load evenly across the bed and hence enable is light wei^ 
bed design. It will be appreciated that harvesting and feeding could occur at the same 
time. 

Other arrangements and advantages of the present invention will hereinafter be 
described. 

15 " In one arrangement one of the collection belts can be left beneath each recqjtacle 

so that each belt can ccpture harvest drips and prevent them falling on the floor or onto bed 
below in the case of tiered systems. The receptacles can be very long, and the quantity of 
harvest collected can be great If using a collecting hopper, the moving loads being 
transported would be significant and would require substantial receptacle structures to 

20 carry the weight The present invention allows the weigfht to be distributed everdy aax)ss 
the whole surface area, reducing the weight and strength required of the or each receptacle. 
Alternatively, the collecting hopper would have to make numerous trips back and forth to 
discharge collected material. Such trips would be inefSciait and the present invention 
allows material to be collected in one go. The present invention allows material to receive 

25 some air drying where on the collection belt and allows subsequent dripping of harvest to 
be collected. Because it allows an int^al between harvest and collection this improves 
operational efficiency. The above is all trae of the feeder arrangement described earlier as 
welL Furthermore, having one harvester as in one preferred form allows it to be 
transported &om receptacle to receptacle and thus saving equipmmt 

30 

The collection belt can be formed of woven netting material so as to be ligjitwd^t 
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and strong. It will be appreciated that other material could be used. Furthermore, it can 
be of a smooth finish to minimise abrasion and wear and reduce fiiction when pulling and 
can be arranged so that it is pulled out or puUed back using hand force (hand-winder winch 
or evrai rope or the like) or mechanical drive such as a motor. The tray and belt may be 
arranged so that tiie feeding of the recq)tacle below can be conducted wifliout interfering 
with, or necessitating the removal of the Irajr, that is there is sufficient space provided for 
feeding the receptacle below wifli the tray^elt still in place. On the lower most tier, the 
siq>port tray can be a mesh to allow cleaning of the floor area if the belt is removed 

Finally, it is to be understood fliat various alterations, modifications and/or 
additions may be incorporated into the various constructions and arrangements of parts 
without departing firom the spirit or ambit of the invention. 



